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INTRODUCTION
In recent years the molecule vibration and rotation and the excitations of the scattering medium have been studied through coherent Raman spectroscopy (CRS) [1] . The coherent anti-Stokes Raman scattering and many other nonlinear optical effects [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] can be employed to increase the effective ratio of signal to noise in the CRS. The Rayleigh-enhanced four-wave mixing (FWM) is one of the CRS techniques and a special case of Raman-enhanced FWM with zero frequency resonance [4] . Similarly, when the frequency difference between two incident beams equals the acoustic photon resonance in the thicker sample, the coherent Raman methods are applied to Brillouin spectroscopy to obtain Brillouin-enhanced FWM [10] [11] [12] [13] [14] . The Raman, Rayleigh, and Brillouin-enhanced FWMs are superior to all other CRS techniques. They possess the features of non-resonant background suppression, excellent spatial signal resolution, free choice of interaction volume, and simple optical alignment [3, 4, [7] [8] [9] .
The polarization beat between two excitation pathways is related to recent studies on quantum interference. The pure Raman, pure Rayleigh, or the coexisting Raman and Rayleigh attosecond sum-frequency polarization beats (ASPBs) is the interesting way to study the stochastic properties of light [3, 4, 9, [15] [16] [17] [18] . Based on the fieldcorrelation of color-locking twin noisy lights, homodyne and heterodyne detections of these ASPBs have also been exhibited to study the characteristics of the dispersion and absorption of the resonant Raman-and Rayleighenhanced FWMs [4, 15] .
In some sense, noisy light with color-locking [16, 17] is an intermediate situation between cw and short-pulse cases. The disadvantage of noisy light with color-locking is that neither frequency nor time features can be directly probed without some data analysis. When the laser field is sufficiently intense, the laser spectral bandwidth or spectral shape obtained from the second-order correlation function is then inadequate to characterize the field. Rather than using higher-order correlation functions explicitly, three different models for Markovian fields are considered [18] .
Based on the field-correlation of color-locking twin noisy lights, the coexisting Raman, Rayleigh, and Brillouin-enhanced FWMs are considered in this paper and they will compete with each other. We also obtain the phase dispersion of the coexisting Raman, Rayleigh, and Brillouin-enhanced third-order susceptibility. The phase angles of the third-order susceptibilities have been studied using the phase-sensitive detection. The heterodynedetected signal of ASPBs potentially offers rich dynamic information about the homogeneous broadening material phase of the third-order nonlinear susceptibility.
The paper is organized as follows. Section 2 presents the basic theory of the light geometry, frequency condition, and field-correlation effects on the Rayleigh-, Brillouin-, and Raman-enhanced FWMs. Sections 3 and 4 present the homodyne and heterodyne detection of the Rayleigh and Brillouin ASPBs, and the coexisting Raman, Rayleigh, and Brillouin ASPBs in the three different Markovian noise stochastic models. Based on the heterodyne detection, we can study the phase dispersion of the thirdorder susceptibility of the Brillouin resonance mode. Section 5 gives the discussion of the phase angle. In the end, Section 6 will show our discussion and conclusion.
BASIC THEORY
A. The Rayleigh-Enhanced FWM We first pay attention to the pure Rayleigh-enhanced FWM. The basic geometry is shown in Fig. 1 the condition satisfies ⌬ 1 Ϸ 0, the frequency components of the beams are fitted to the Rayleigh mode. The beam composite stochastic fields of beams 1 and 2, E 1 ͑r , t͒ and E 1 Ј͑r,t͒, for the homodyne-detection scheme and the complex electric fields of beam 3 can be written as
Here, i , k i ͑ i Ј,k i Ј͒ are the constant field amplitude and the wave vector of the i component in beams 1, 2, and 3. u i ͑t͒ is a dimensionless statistical factor that contains phase and amplitude fluctuations. It is taken to be a complex ergodic stochastic function of t, which obeys complex circular Gaussian statistics in a chaotic field. is a variable relative time delay between the prompt (unprime) and delayed (prime) fields. In an absorbing medium, the nonlinear interaction of beams 1 and 2 with the medium can enhance the molecular-reorientation gratings and the thermal gratings; i.e., 1 will induce their own nonresonant static molecular-reorientation gratings G M1 and thermal gratings G T1 . The FWM signals are the results of the diffraction of beam 3 by these two gratings, respectively. Two non-resonant moving gratings, G RM and G RT , with large angles formed by the interference between the 1 frequency component of beam 2 and the 3 frequency component of beam 3 excite the Rayleigh mode of the medium, which will diffract the 1 frequency component of beam 1 to obtain the Rayleigh third-order polarizations P RM and P RT . Such polarizations enhance the FWM signals induced by G M1 and G T1 . The order parameters Q M1 and Q T1 of two non-resonant static gratings and Q RM and Q RT of the Rayleigh non-resonant moving gratings satisfy the following equations [3, 4] :
Here ␥ M,T and M,T are the relaxation rate and the nonlinear susceptibility of the molecular-reorientation grating and thermal grating, respectively. The induced thirdorder nonlinear polarizations which are responsible for the pure Rayleigh-enhanced FWM signals are
͑7͒
Here S 1 ͑r͒ = exp͕i͓͑k 1 − k 1 Ј + k 3 ͒ · r − 3 t − 1 ͔͖. So the polarization of Rayleigh-enhanced FWM process is P A1 = P M1 + P RM + P T1 + P RT with phase-matching condition 
B. The Rayleigh and Brillouin-Enhanced FWMs
Here, v Br and ␥ Br are the Brillouin frequency and linewidth, respectively, and b is a constant. So the polarization of the Rayleigh and Brillouin-enhanced FWM process is P A2 = P A1 + P Br = P M1 + P RM + P T1 + P RT + P Br with phase-
C. The Raman-Enhanced FWM In Fig. 1 
Here the beam stochastic fields of beam 1 and 2 can be expressed as
The induced third-order nonlinear polarizations which are responsible for the pure Raman-enhanced FWM signals are
͑12͒
Here S 2 ͑r͒ = exp͕i͓͑k 2 Ј − k 2 + k 3 ͒ · r − 3 t + 2 ͔͖, and the polarization of the Raman-enhanced FWM process is P B = P M2 + P T2 + P R with phase-matching condition [7] . To some extent, the Raman and Brillouin-enhanced FWMs are both the resonant process with energy transfer between the lights and the medium. While because the frequency difference (which is tuned toward the acoustic phonon resonance) between two incident beams of the Brillouin-enhanced FWM is so small that the Rayleighenhanced FWM which possesses the zero frequency difference and the Brillouin-enhanced FWM always coexist during the experiment. Hence, we investigate the Rayleigh and Brillouin-enhanced FWMs as a whole.
HOMODYNE DETECTION OF ASPBs

A. Rayleigh and Brillouin ASPBs
For the Rayleigh-enhanced FWM signal, we obtain the total third-order polarization P ͑3͒ = P A1 + P C = ͑P M1 + P RM + P T1 + P RT ͒ + ͑P M2 + P T2 ͒, where the reference polarization P C = P M2 + P T2 with a frequency 1 (which only excite the non-resonant reference signals and do not satisfy the Raman resonant excitation condition) have the phase-
2 ͘ contains 6 ϫ 6 = 36 different terms. For the Rayleigh and Brillouinenhanced FWMs, there exists one more polarization-the Brillouin polarization. Here we suppose that the Rayleigh and Brillouin polarizations have the same phase angle and they have no interaction between them, so we have the total third-order polarization
Therefore, the
homodyne-detection beat signal I͑⌬ 1 , ͒ ϰ ͉͗P A2 + P C ͉ 2 ͘ contains 7 ϫ 7 = 49 different terms which include the nonresonant terms of the 2 and 1 molecular-reorientation and thermal gratings and the Rayleigh and Brillouin resonant mode as the auto-correlation terms, and the cross-correlation terms between FWMs and Rayleigh and Brillouin-enhanced FWMs. Here
They involve fourth-and second-order coherence functions of u i ͑t͒. For example, the first term of ͉͗P A2 ͉ 2 ͘ is
The fourth-and second-order coherence functions of u i ͑t͒ included in this equation are ͗u 1 ͑t − ͒u 1 ͑t − sЈ͒u 1 ‫ء‬ ͑t − tЈ͒u 1 ‫ء‬ ͑t − sЈ − ͒͘ and ͗u 3 ͑t − tЈ͒u 3 ‫ء‬ ͑t͒͘, respectively. If the laser sources have a Lorentzian line shape, we have the second-order coherence function ͗u i ͑t 1 ͒u i ‫ء‬ ͑t 2 ͒͘ = exp͑−␣ i ͉t 1 − t 2 ͉͒ (i.e., ͉͗u i ͑t͉͒ 2 ͘ = 1 when t = t 1 = t 2 ). Here ␣ i = ␦ i /2, ␦ i is the linewidth of the laser with frequency i .
On the other hand, if assuming that the laser sources have a Gaussian line shape, then we have
Here, we only consider the former. In fact, the form of the second-order coherence function shown above, which is determined by the laser line shape, is a general feature of the stochastic models [18] .
Here we also give the other two terms:
The atomic response to the Markovian stochastic optical fields is well understood [18] . There are three different Markovian fields: (a) the chaotic field, (b) the phasediffusion field, and (c) the Gaussian-amplitude field. The chaotic field undergoes both amplitude and phase fluctuations and corresponds to a multimode laser field with a large number of uncorrelated modes or a single-mode laser emitting light below the threshold. Since a chaotic field does not possess any intensity stabilization mechanism, the field can take on any value in a two-dimensional region of the complex plane centered about the origin [18] . For the purpose of further investigations of the fieldcorrelation, the three different Markovian noise stochastic models are considered: the chaotic field model (CFM), the phase-diffusion field model (PDM), and the Gaussianamplitude field model (GAM). In this case, u͑t͒ has Gaussian statistics with its fourth-order coherence function satisfying ͗u i ͑t 1 
The phasediffusion field undergoes only phase fluctuations and corresponds to an intensity-stabilized single-mode laser field. The phase of the laser field, however, has no natural stabilizing mechanism. The fourth-order coherence function can be written as
͑17͒
The Gaussian-amplitude field undergoes only amplitude fluctuations. There is no such obvious natural source for a real Gaussian field. However, one can generate it through intentionally modulating the cw laser with the acoustooptic modulator. We do consider the Gaussian-amplitude field for two reasons. First, it allows us to isolate those effects due solely to amplitude fluctuations and second, it is an example of a field that undergoes stronger amplitude (intensity) fluctuations than a chaotic field. The fourthorder coherence function of u͑t͒ satisfies
By comparing the results for the chaotic and the Gaussian-amplitude fields we can determine the effect of increasing amplitude fluctuations [18] . From Fig. 2 , we give the simulation of the Rayleigh and Brillouin ASPB intensity I͑⌬ 1 , ͒ = ͉͗P A1 + P C ͉ 2 ͘; the three stochastic models have the similar oscillation curve; the GAM field has the highest background; and the PDM field has the lowest background.
B. Coexisting Raman, Rayleigh, and Brillouin ASPBs For the coexisting Raman, Rayleigh, and Brillouin ASPBs, we have the total third-order polarization P
‫ء‬ ͒͘ contains 8 ϫ 8 = 64 different terms which include the Rayleigh and Brillouin resonant modes as auto-correlation terms and the cross-correlation terms between the Raman, Rayleigh, and Brillouin-enhanced FWMs.
Here ͉͗P A2 ͉ 2 ͘ maintains the same as the Rayleigh and Brillouin modes. The other two terms are
The coexisting Raman and Rayleigh-enhanced FWMs have been considered in the previous work [15] . Though the polarization beat signal is shown to be particularly sensitive to the statistical properties of the Markovian stochastic light fields with arbitrary bandwidth, different Markovian stochastic models of the laser field only influence the fourth-not second-order correlation functions. That means only the auto-correlation terms will be affected by the three different Markovian stochastic models and the cross-correlation terms have nothing to do with the three stochastic models. Here the cross-correlation terms between the Raman, Rayleigh, and Brillouinenhanced polarizations of the three models are the same. Therefore, Fig. 3 shows the ASPB signal intensities in the CFM, PDM, and GAM versus . The signals have the same oscillation characteristics that they oscillate with the same frequency 1 + 2 , which is similar to that of the coexisting Raman and Rayleigh ASPBs [4, 15] .
HETERODYNE DETECTION OF ASPBs
Now we try to do some discussions on the heterodyne detection of ASPBs to obtain information on the third-order susceptibility. We take the Rayleigh and Brillouin ASPBs, for example: the intensity of the beat signal consists of three parts-the auto-correlation term ͉P A2 ͉ 2 of the Rayleigh and Brillouin ASPBs, the auto-correlation term ͉P C ͉ 2 of the beam 2 , and the cross-correlation term ͗P A2 P C ‫ء‬ ͘ + ͗P A2 ‫ء‬ P C ͘. The susceptibility of the Rayleigh and Brillouin
ASPBs is contained in two parts, i.e., ͉P A2 ͉ 2 and ͗P A2 P C ‫ء‬ ͘ + ͗P A2 ‫ء‬ P C ͘. The third-order susceptibility A2 in ͉P A2 ͉ 2 appears in the form of the ͉ A2 ͉ 2 without phase characteristics. Only in the ͗P A2 P C ‫ء‬ ͘ + ͗P A2 ‫ء‬ P C ͘ term there exist phase characteristics of A2 of the Rayleigh and Brillouin resonant modes. We can scan the frequency difference ⌬ 1 , but both ͉P A2 ͉ 2 and ͗P A2 P C ‫ء‬ ͘ + ͗P A2 ‫ء‬ P C ͘ have our scanning parameter. To avoid the ⌬ 1 influence on ͉P A2 ͉ 2 , we can make the field E 1 intensity much weaker, and P A2 will be too weak to be considered. In this case, we can obtain the phase dispersion information in the cross-correlation term ͗P A2 P C ‫ء‬ ͘ + ͗P A2 ‫ء‬ P C ͘.
A. Rayleigh and Brillouin ASPBs
The Rayleigh and Brillouin ASPB signal is proportional to the average of the absolute square of P A2 + P C , so that the signal intensity
‫ء‬ ͘ and I C ͑͒ = ͗P C P C ‫ء‬ ͘ include the u 1 ͑t͒ and the u 2 ͑t͒ fourth-order Markovian stochastic correlation functions, respectively, while I A2,C ͑⌬ 1 , ͒ = ͗P A2 P C ‫ء‬ ͘ + ͗P A2 ‫ء‬ P C ͘ include u i ͑t͒ second-order Markovian stochastic correlation functions. In order to get the information about the Rayleigh and Brillouin susceptibilities, we need to detect the Rayleigh and Brillouin ASPB signal intensities. 
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We know that the different Markovian stochastic models of the laser field only affect the fourth-not secondorder correlation functions. Therefore, the crosscorrelation terms I A2,C ͑⌬ 1 , ͒ are the same for the three Markovian stochastic models. We can obtain the thirdorder susceptibilities for the Rayleigh and Brillouinenhanced FWMs
The real and imaginary parts of A2 are even and odd functions, respectively, i.e.,
In heterodyne detection, assuming I C ͑͒ ӷ I A2 ͑⌬ 1 , ͒ at the intensity level, we obtain I͑⌬ 1 , ͒ ϰ I C ͑͒ + I A2,C ͑⌬ 1 , ͒. Under the condition of ␥ M ӷ ␣ 1 , ␣ 2 , ␣ 3 ӷ ␥ T we have the Rayleigh and Brillouin ASPB signals for the three Markovian models, respectively, i.e.,
Here,
modulation frequency ⌬k = ͑k 1 − k 1 Ј͒−͑k 2 Ј − k 2 ͒, and n a equals 1, 0, and 2 for the CFM, PDM, and GAM, respectively. Equation (23) indicates that the reference FWM signal I C ͑͒ and the factor 2L 1 are independent of ⌬ 1 . The heterodyne signal is modulated with a sum-frequency 1 + 2 as is varied; in addition, the phase of the oscillation depends on the phase A2 of the measured third-order susceptibility A2 . If adjusting the time delay to satisfy the condition ⌬k · r − ͑ 1 + 2 ͉͉͒ =2n, we obtain the real part of A2
͑24͒
On the other hand, if ⌬k · r − ͑ 1 + 2 ͉͉͒ = ͑2n −1/2͒, we have the imaginary part of A2 (Fig. 4) or make I B ͑⌬ 2 , ͒ Ӷ I A2 ͑⌬ 1 , ͒ ͑ Ӷ 1͒ to obtain I ϰ I A2 ͑⌬ 1 , ͒ + I A2,B ͑⌬ 1 , ⌬ 2 , ͒ for studying the phase dispersion of the Raman-enhanced third-order susceptibility B (Fig. 5) .
Under the conditions of ␥ R , ␥ M ӷ ␣ 1 , ␣ 2 , ␣ 3 ӷ ␥ T and ӷ 1 we have the coexisting Raman, Rayleigh, and Brillouin ASPB signals for the three Markovian models, respectively, i.e., 
͑29͒
In other words, by changing the time delay between beams 1 and 2 we can obtain the real and the imaginary parts of the Rayleigh and Brillouin-enhanced susceptibilities. Figures 4(a)-4(d) show the heterodyne detection spectra versus ⌬ 1 / ␥ M of the coexisting Raman, Rayleigh, and Brillouin ASPBs with large . Therefore, the spectra show the characteristics of the dispersion and absorption of the resonant Rayleigh and Brillouin-enhanced susceptibilities. From Figs. 4(a) and 4(c) , two Brillouin reso-
nance humps stand on both sides of the Rayleigh resonance hump. By choosing the proper parameters, two Brillouin resonance humps have been enhanced and the Rayleigh resonance hump becomes weaker; now the apex of the Rayleigh resonance hump is just below that of the Brillouin mode.
Similarly, under the condition of ␥ R , ␥ M ӷ ␣ 1 , ␣ 2 , ␣ 3 ӷ ␥ T and Ӷ 1 we have the coexisting Raman, Rayleigh, and Brillouin ASPB signals for the three Markovian models, respectively, i.e.,
From Eq. (30) we have
͑31͒
Here 
Similarly, by changing the time delay between beams 1 and 2 we can obtain the real and the imaginary parts of the Raman-enhanced susceptibility B . Figures 5(a)-5(d) show the characteristics of the dispersion and absorption of the resonant Raman-enhanced FWM. In Figs. 4 and 5, we can see that the three CFM, PDM, and GAM models have the same profiles, which are similar to the model with the cw laser beam. On the other hand, in the coexisting Raman, Rayleigh, and Brillouin ASPBs, both the Raman-enhanced susceptibility and the Rayleigh and Brillouin-enhanced susceptibility still hold their inherent characteristics in the heterodyne-detected ASPBs, showing similar curves as that in the pure Raman mode and the Rayleigh and Brillouin modes.
In the above discussion, we individually obtain the real and imaginary parts of the Rayleigh and Brillouin susceptibilities (Fig. 4) and the Raman susceptibility (Fig. 5) . In fact, the conditions for the excited Raman, Rayleigh, and Brillouin-enhanced FWMs can be simultaneously satis- fied in one experiment system and the Raman, Rayleigh, and Brillouin-enhanced FWMs are mixed and interfere with each other. Each of them can be considered as the reference signal of each other. Next we will consider the spectra versus ⌬ 1 / ␥ R and ⌬ 2 / ␥ R . Figure 6 gives the threedimensional diagram of the coexisting Raman susceptibility, and Rayleigh and Brillouin susceptibilities in the ASPBs. We can see two resonance humps of the Rayleigh and Brillouin ASPBs versus ⌬ 1 / ␥ R . As satisfies the condition of ⌬k · r − ͑ 1 + 2 ͉͉͒ + A2 =2n, the spectra versus ⌬ 2 / ␥ R show the real part of the Raman-enhanced susceptibility [ Fig. 6(a) ]; however, when ⌬k · r − ͑ 1 + 2 ͉͉͒ + A2 =2n + / 2, the spectra versus ⌬ 2 / ␥ R show the imaginary part of the Raman-enhanced susceptibility [ Fig. 6(b) ].
On the other hand, as is known, we cannot directly obtain the pure Brillouin-enhanced FWM, but with the proper value of time delay in the beat signal intensity, we could get it if we remove the Rayleigh-enhanced FWM signal intensity from the coexisting Brillouin-and Rayleigh-enhanced ASPBs; i.e., with ͉͗P A2 + P C ͉ 2 ͘ − ͉͗P A1 + P C ͉ 2 ͘, we can get the information of the Brillouinenhanced susceptibility Br . It means that by changing the time delay between beams 1 and 2, we can obtain the real and the imaginary parts of the Brillouinenhanced susceptibility Br . Figure 7 shows the profile of the real and imaginary parts of Br . The CFM, PDM, and GAM are the same as that in the cw limit, but only their backgrounds are different. On the other hand, the Brillouin-mode susceptibility has a similar absorptionlike shape and dispersion-like shape as the Rayleighmode susceptibility, whose real part of the susceptibility is an even function and the imaginary part is an odd function. In Figs. 7(a) and 7(c) , the dispersion-like shape of the Brillouin-mode susceptibility has two resonant peaks which are near the zero point, and in the Rayleigh and Brillouin-mode susceptibilities, the two Brillouin resonant peaks are in the bound of the Rayleigh resonant peaks. The separation of these two Brillouin resonance peaks can be controlled by the parameters Br and ␥ Br , respectively. Let us turn to the coexisting Rayleigh and Brillouin susceptibilities. In the coexisting Raman, Rayleigh, and Brillouin-enhanced ASPBs, the curves of the real part of the susceptibility [ Fig. 10(c) ] are still even function-like, 
C. Comparison of the Different Susceptibilities
␥ T / ␥ M =5, ␣ 1 / ␥ M = ␣ 2 / ␥ M = ␣ 3 / ␥ M =1, 1 / ␥ M = 127450, 2 / ␥ M = 120781, ␥ Br / ␥ M = 10, Br / ␥ M =2,
THE PHASE ANGLE
We first consider the phase angle of the Raman susceptibility B [4, 15] . Under the cw laser condition for simplicity, we decompose the nonlinear susceptibility B into a 
which is an odd function. While as increasing M + T , B turns to an even function, and we have B Ј = M + T which is independent of ⌬ 2 , shown in Fig. 12(a) . In Fig. 12(a) , we can see that the phase angle B becomes more symmetrical with ⌬ 2 = 0 when M / ␣ 1 and T / ␣ 1 increase. Similarly, the phase angle B in the coexisting Raman, Rayleigh, and Brillouin ASPBs in Fig.  12(b) shows similar characteristics as that in Fig. 12(a) . On the other hand, the laser linewidth also affects the phase angle versus ⌬ 2 . As increasing the laser linewidth, the value of the phase angle decreases but the symmetry of the phase angle has little influence, as shown in Figs. 12(c) and 12(d). In fact, comparing with the broadband (␣ i / ␥ M ӷ 1, ␣ i / ␥ T ӷ 1), the dispersion and absorption under the narrowband limit are independent of the linewidth ␣ i and the time delay , which correspond to the nonmodified nonlinear dispersion and absorption of the material.
Then we focus on the phase angle A1 ͑⌬ 1 ͒ of the Ray-
From the expressions we can see that the real part of the Rayleigh susceptibility is an even function and the imaginary part is an odd function, so the phase angle is an odd function. When we increase T / M the value of A1 ͑⌬ 1 ͒ versus ⌬ 1 in the pure Rayleigh ASPB is reduced [ Fig. 13(a) ]. Similarly, for the phase angle A2 ͑⌬ 1 ͒ of the Rayleigh and Brillouin susceptibility A2
we also obtain the even 
DISCUSSION AND CONCLUSION
Based on the three stochastic models, the subtle Markovian field-correlation effects have been investigated in the Fig. 1 . Specifically, the Raman vibration mode is excited by the simultaneous presence of two incident beams whose frequency difference equals the Raman resonant excitation frequency. In the Brillouin-enhanced FWM, the Brillouin mode is excited by the simultaneous presence of two incident beams whose frequency difference equals the phonon resonant frequency. In contrast, the Rayleigh-enhanced FWM is a non-resonant process which is excited when the frequency difference between the two incident beams equals zero, and there is no energy transfer between the lights and the medium. We employ the ASPB to obtain the real and the imaginary parts of susceptibilities based on the polarization interference among coexisting Raman, Rayleigh, and Brillouin-enhanced FWM processes by the detuning ⌬ 1 and ⌬ 2 . Similarly, we can obtain the phase angle of A1 , A2 , and B , respectively. If ⌬ 1 or ⌬ 2 is large enough, the value of A2 or B will equal zero, respectively, and the coexisting Raman, Rayleigh, and Brillouin ASPBs will convert into the pure Raman or Rayleigh and Brillouin ASPBs.
In summary, we investigate the coexisting Raman, Rayleigh, and Brillouin ASPBs and the three FWM processes strongly compete with each other. The heterodynedetected signal of the ASPBs potentially offers rich dynamic information about the homogeneous broadening material phase of the third-order nonlinear susceptibility. 
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